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A process for the reduction of the residual monomer content and 
eahanoement of the wet strength of articles formed from 
^ water-absorbent crossl inked polymer foams and oae thereof 

i3ascrlption 

The present invention relates to a process for the reduction of 
the residual monomer content and enhancement of the wet strength 
10 of articles formed from water-absorbent cxosslinked polymer foams 
containing units derived from nonoethyienioally unsaturated 
acids, the formed foam articles obtainable by the process and the 
use of the formed foam articles in hygieixe articles. 

15 water-absorbent polymer foams containing units derived from 

raonoethylenieally unsaturated acids are obtainable for example by 
^ mixing a prefabricated superabsorbent with a polyhydroxy compound 

^ and a blowing agent in an extruder at elevated temperature. As 

m the mixture is expressed from the extruder, the foam forms, 

nj 20 Processes of this kind are described for example in oS-a-4 394 
O 930, US-A-4 415 388 and GB-A-2 136 8l3. 

m 

^ US-A-4 52& 73S and US-A-4 649 154 discloses processes for 

^ producing foams by foaming a water sweiiable COOH-bearing 

□ 25 material with a blowing agent which releases the blowing gas in a 
neutralizing reaction with the COOH groups of the polymer. 

According to WO-A-&4/22S02, superabsorbent foams based on 
carosEllnked, partly neutralized polycarboxylates are prepared by 
foaming a racmcaner mixtxire with a water-insoluble blowing agent 
which has a boiling point below 50*C and polymerizing the foam at 
virtually the same time as the foaming. 

EP-A-0421 264 discloses the production of foamlike 
35 Buperabsorbents by polymerizing an aqueous moaaomor mixture 

containing an emulsified oil phase. The oil serves to occupy the 
space for the later pores in the foam and is removed by 
evaporation, after the polymerization has ended, on drying i the 
expanded material. 

40 

V3O-A-88/09801 discloses that it is possible to process 
hydrophilic polymers, for example sodixan polyacrylate, in the 
pxtseeiice o£ crossllnkers such as polyepoxides and blowing agents, 
by heating, to form a superahsorbent in the form of a foam. 

45 
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AAOtlier known way to produce expanded sup&rabso3:!bents is to add 
caz±3onates, blcarbonates or carbon dioxide as a blowing agent to 
a mixture o£ ceirbo3^1 -bearing monomers , cross linker and 
polymerization initiator, witk the polymeriaation of the monomers 
5 being^ started at tbe same time as the addition o£ the blowing 
agent or shortly tihereafter. The 3uperabsorbent acquires a foam 
structure due to the carbon dioxide formed in the neutralizing 
reaction, cf . BP-A-2 954 438 and US-A-4 808 6^7, In the £>rocess 
disclosed in wo-A-95/02002, an expanded superabaorbent, after 
10 production! is admixed with one or more reactive compounds for 
subae^ent surface crossllnkingi and is heated to 100-300*C- 

Other water-absorbent crossllnked pol^^mer foams containing units 
derived from acid-functional monoethylenically unsaturated 
15 monomers are known from WO-A-97/31971 and WO-A-00/ 52087 , They are 
produced for example by a two- stage process where* in the first 
Q process stage^ a polyinerlzable aqueous mixture containing 
W acid-functional rooncethylenically T:insaturated monomers which are 

Iff at least 50 mol% neutralized is foamed by dispersing fine bubbles 

y 20 or a gas inert to free radicals or by dissolving such a gajs under 
^ a pressure from 2 to 400 bar and subsequent decompressing to 

atmospheric and, in the second process stage, the foamed mixture 
B* is polymerized to form a foamlike hydrogel. 

□ 

25 W0-A-99/44$4S likewise discloses water-absorbent foamlike 
S crosslinked polymers which axe obtainable by the two-stage 
£ processes described above, although at least 20 mol% of the 

acid-functional monomers are neutralized with tertiary 
alkanolamines and/or the free acid groups of the foamlike 
30 hydrogel are at least 20 ffiol% neutralized with at least one 
alkanolamine after polymerization. The foams thus produced are 
flexible under application relevant condltlms. 

The foams obtainable by the prior art described above have a high 
35 residual monomer content. 

In order that superabsorbent foams be useful in hygiene articles, 
the superabsorbent polymers prepeired by polymerization of acrylic 
acid have to have a low residual monomer content. The residual 
40 acrylic acid level in these products should preferably be below 
500 ppm. This can be ensured by appropriate measures in the 
course of foam production, for example appropriately long 
polymerization times j drying techniques, etc. However, these 
measures not always sufficient and add to the investment needed 
45 and hence to the manufacturing costs for the foams ♦ 
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It is an obnact of the present invention to provide a process for 
enhanceiaent of the wet strength of vrater'-absorbent crosslinked 
foams produced accordlngr to existing processes. 

5 We have found that this object is achieved according to the 

invention by a process for the reduction of the residual monomer 
content and enhancement of the wet stxOT.grth of articles formed 
from water absorbent crosslinked polytaer foams containing units 
derived from monoethylenically unsaturated acids « which comprises 
10 treating the formed articles with at least 0-5% by weight of a 
polymer containing primary and/or secondary amino groups and 
having a molar mass of at least 300 • 

Articles formed from water-absorbent crosslinked polymer foams 
15 are known from the prior art reported above. Formed foam articles 
^ known therefrom can all be treated by the process according to 

the invention in order that their residual monomer content is 
reduced and theii* wet strength may be improved simultaneously, Xt 
is preferable to apply the treatment according to the Invention 
fU 20 to foams obtainable by the two-stage processes known from 
□ wo-A- 97/3 1971, W0-A-'99/44648 and WO-&-00/520S7, for example by 

m 

g (I) foaming a polymerizable acjueous mixture of 

p 25 (a) acid-functional monoethylenically unsaturated monomers 

which are optionally neutralized/ 
S (b) optionally other monoethylenically unsaturated monomers , 

^ (c) cross linkers, 

(d) initiators, 

3D (e) from 0.1 to 20% by weight of at l^ast one surfactant/ 

{f ) optionally at least one soliobilizer and 
(g) optionally thickeners, foam stabilisers* polymerization 
regulators, fillers and/or cell nucleators 

35* by dissolving a gas which is inert toward free radicals in 

r}ict polymerizetole aqueous mixture under a pressure of from 2 
to 400 bar and subseQuently decompressing the polymeri^able 
aqueous mixture to atmospheric or by dispersing fine bxOsbles 
of a gas inert toward free radicals « and 

40 

III) polymerizing the foamed mixture to form a f oamliXe hydrogel 
and. if appropriate, adjusting the water content of the 
foamlike polyxaer to 1-60% by weight, 

45 Preference is given to those water-absorbent crosslinked polymer 
foams which are obtainable by neutralising the acid-functional 
monomers (a) with tertiary aikanolamines and/or by neutralizing 



4 

tha free acid groups of the hy<Jro^i foam with at least one 
alleanolamine after polymerization, the de^ed of nautralization 
being in eibher case at least 20 mol% and preferably at least 
40 ffiol%. 

5 

Any tackiness on the part of the foamed material can be solved by 
additional powdering with finely divided hydrophiiic powders. 

The polymerizable aqueous mixture is processed into a foam which 
10 is processing stable and formable into any shape. iThe 

polymerizabia aqueous mixture contains as ccaqpcHient <a) an 
acid-functional monoethylenically unsaturated monomer which is 
optionally neutralized. Monomers of this type include for example 
monoethylenically unsat\»ratad C3-C3s-carboxylic acids or 
^ 15 anhydrides, for example acrylic acid, methactyiic acid, 
g ethacrylic acid, ot-chloroacrylic acid, crotonic acid, maleic 
^ acid, maieic anhydride, itaconic acid, citraconic acid, mesaconic 
m acid, g^lutacooaic acid, aoonitie acid and fumaric acid. 
W 

fU 20 oseful group (a) monomers further include monoethylenically 

S unsaturated sulfonic acids, for example vinylsulfonic acid, 

»» allyisuifonie acid, sulfoethyl acryiate, sulfoethyl methacrylate . 

P sulfopropyl acryiate, sulfopropyl methacrylate, 

lU 2-hyaroxy-3-acryloyloxypropylsulf<mic acid, 

p 25 2-hyaroxy-3''0iethacryloylO3Qrpropyl5Ulfonic acid, vinylphosphonic 
^ acid, ailylphospbonic acid and 

U 2-acxylamido-2-methylpropaneBulfonic acid. The monomers can be 

used alone or mixed with each other to produce the superabsorbent 
foams. Preferred monomers of group (a) are acrylic acid, 
30 methacrylic acid, vinylsulfonic acid, acrylamidopropanesulfonic 
acid or mixtures thereof, for example mixtures of acrylic acid 
and methacrylic acid, mixtures of acrylic acid and 
acjrylamidopropanesulfonic acid or mixtures of acrylic acid and 
vinylsulfonic acid. 

35 

The monomers are neutralized, if appropriate. Oseful neutralizing 
agents include for example alkali metal bases or ammonia or 
amines. Preferred neutralizing agents are aqueous sodium 
hydroxide solution and a<iueous potassium hydroxide solution. 
40 However, neutralization can also be effected using sodium 

carbonate, sodium bicarbonate, potassium carbonate or potassium 
bicarbonate or other carbonates, bicarbonates or ammonia. The 
acid groujps in the monomers are for example 15-90 mol% 
neutralized with at least one of the bases indicated above. 

45 
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The polymarizablfe aqueous mixture can contain monomers of group 
(b), if appropriate. Monomers of group (b) are other 
monoathylenically unsaturated nonomers which are copolymerizable 
with the itionomers (a) and (c> . They include for example the 
5 emides and nitriles of monoethylenically unsaturated carboacylic 
adds, fox example ecryiamlde, methacryiamide and 
N-vinylforroamide. ^crylonitrile and methecrylonitrile. 
dlalkyldiallylanimonium halides such as dimethyldiallyiammonium 
chloride, diethyldiallyianwiQAiuni chloride, allylpiperidinium 
10 bromide, N-vltiyiimidazoleB such as for example M-vinylimidazole, 

l-vinyl-2-inethylimidazole and. W-vinyliinidaaolinea such as 
• K-vinylimidazoline, i-v±nyl-2-methyliinidazoline. 

l-vlnyl-2-ethyliinidazolinB or a-vinyl-2 -propyl imidazoline, which 
are each usable in the form of the free bases, in «uatemized 
15 form or as a salt in the polymerization. Also suitable ere 
g dialkylafainoalteyl acrylates end dialkylaninoalkyl methacrylatas, 

^ dimathyiaminoethyl acrylate, dimethylaminoethyl methacrylate, 
m diethylaminoethyl acrylate and diethylaminoethyl methacrylate. 

y The basic esters are preferably used in guatemized form or as a 
m 20 salt. Useful compounds of group (b) further include for example 
S vinyl esters of saturated Ci-C4-carboxylic acids such as vinyl 
formate, vinyl acetate or vinyl propionate, alkyl vinyl ethers 
p having at least 2 carbon atoms in the allorl group, for example 
jy ethyl vinyl ether or butyl vinyl ether, esters of 

□ 25 monoethylenicaliy unsaturated Ca-Ce-carboxjrlic acids, for example 
^ esters of monohydric Cx-Cia-alcoholB and acrylic acid, methacrylic 
O acid or maleic acid, nionoesters of maieic acid, for sxan©le 
raonoraethyl maleate. other useful monomers of group <b) are 
styrene, aikyl-substituted styrenes such as ethyletyrene or 
30 terb-butylstyrene. 

The luanomers of group {b) can also be used in a mixture with each 
Other in the copol3?ineriaation with the monomers (a) and (c) , for 
example mixtures of vinyl acetate and ethyl acrylate in" any 
35 desired proportion. 



The group (c) nonomers have at least 2 ethylenic double bonds. 
Examples of monooiars of this type, which are normally used as 
crosslinkers in pelymerization reactions, are 

M,W'-methylenebisacrylamide, polyethylene glycol dlacrylates and 
polyethylene glycol dimethacrylates which are derived in each 
case from polyethylene glycols wxth a molecular weight m„ of from 
106 to 8500, preferably 400 to 2000, trimethylolpropane 
trlacrylate, trimethylolpropane trimethacrylate, ethylene glycol 
diacrylate, propylene glycol diaerylate, butanediol diacryiate, 
hexanediol diacrylate, hexanediol diraethacrylate, allyl 
methacrylate diacryiatea and dimethacrylates of block copolymers 
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Of ethylene oxide and propyl eaie oxide, poiyhydric alcohols such 
as glycerol or pentaerythritol which are esterified two or three 
times with acrylic acid or methacrylic acid, trial lylamine, 
tetraallylethyleoaediamine, divinyltoerxzena, diallyl phthalate, 
5 polyethylene glycol divinyl ethers of polyethylene glycols with a 
molecular weight Mv of from 126 to 4000, tritnethylolpropane 
diallyl ether, butanediol divinyl ether, pentaerythritol triallyl 
ether and/ or divinyl ethyl eneurea- Water-soluble crosslinKers are 
preferably used, e.g. N^H^-methyleneibisacrylamide* polyethylene 
10 glycol diacrylates and polyethylene glycol diraethacrylates 

derived from adducts of 2 to 400 mol of ethylene oxide and 1 inol 
of a diol or polyol, vinyl ethers of adducts of 2 to 400 mol of 
ethylene oxide and 1 mol of a diol or polyol, ethylene glycol 
diacryiate, ethylene glycol dimethacrylate or triacrylates and 
^ IS trimethacrylates of adducts of 6 to 20 mol of ethylene oxide and 
p one mole of glycerol r pentaerythritol triallyl ether and/or 

y divinylurea. 



Ut Also suitable as crosslinkers are compounds which contain at 

\M 20 least one polymerizable ethylenically unsaturated group and at 
~ least one other functional group. The functional group in these 

g crosslixikers must be able to react with the functional groups, 

p essentially the carboxyl groups or sulfo groups, in the monomers 

HJ (a). Examples of suitable functional groups are hydroxyl, amino, 

O 25 epoxy and aziridino groups, 
»P 

t! Also suitable as crosslljokers are those compounds which have at 

least two functional groups able to react with carboxyl and sulfo 
groups in the group (a> monomers used- The suitable f-unctional 

30 groups have already been mentioned above, ie. hydroxyl, amino, 
epoxy, isocyanate/ ester, amide and aziridino groups • Examples of 
such croBslinfcers are ethylene glycol, diethylene glycol, 
triethylene glycol, tetraethylene glycol, polyethylene glycol, 
glycerol, polyglycerol, propylene glycol* polypropylene glycol, 

35 blocfc copolymers o£ ethylene oxide and propylene oxide, sorbitan 
fatty acid esters » ethoxylated sorbitan fatty acid esters, 
trimethylolprqpaner pentaerythritol, 1, 3 -butanediol p 
l,4*butanediol. polyvinyl alcohol, soxbitol, polyglycidyi ethers 
such as ethylene glycol diglycidyl ether, polyethylene glycol 

40 diglycidb^l ether, glycerol diglycidyl ether, glycerol 

polyglycidyi ether, diglyccrol polyglycidyi ether, polyglycerol 
polyglycidyi ether, sorbitol polyglycidyi ether, pentaerythritol 
polyglycidyi ether, propylene glycol diglycidyl ether and 
polypropylene glycol diglycidyl ether, polyaziridine conipoiuids 

45 such as 2,2-bishydroxymethylbutanoa 
tris [3- {l-azirldinyl> propionate! , 
1, $-hexamethylenediethyleneurea. 
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4^4' -dlmethanebls Cphonyl) -W, -diethylenetirea, halo epoxy 
compounds such as cpichlorohydrin and a-taefchylfluorohydriiir 
polylsocya&ates suczh. as 2«4-toIylene diisocyanate! and 
hexamstliylezie dllsocyanate, alkyl^e carbanabes such as 
5 Ir 3-dioxolan-2-one and 4-metiyl-l,3-dioxolaii-2-oiie^ 

polyqua ternary amines such, as condensates o£ dimethyiamine with 
epichlorohydrin« homo- and copolymers o£ dial lyldime thy lamzaonlum 
chloride, and homo- and copolymers of dlmethylamlnoethyl 
(math) acryiate, which are, where appropriate, guaterzilaed wlth,^ 
10 for exan^le, methyl chloride. 

Other suitable crossllnkers are polyvalent metal ions able to 
form ionic crosslinks, Bxampies of such crossllnkers are 
magnesiiim, calcium, barium and alutninutn ions* (Phese crossLinkers 
15 are added« for example, as hydroxides, carbonates or bicarbonates 

2 to the aqueous polynierlzable solution, A parfcicmlarly preferred 

y cross linker o£ this type is sodium alumina te» 

m 

y other suitable crossllnkers are multifunctional bases which are 

nj 2D likewise able to form ionic cnrosslinks, for example polyamines or 
O their quaternized salts. Examples of polyamines are 

ethylenediamine, dietbylenatriamine, triethylenetetramine, 
^ tetraethylenepentamlne, pentaethylenehexamine . 

m 

O 25 m sua embodiment o£ tbe process, two different crossllnkers are 
rp used, one of which is soluble in water and the other is insoluble 

S in water. ThB hydrophilic crosslinker whicb is soluble in the 

^ a^eous phase of the reaction mixture produces, in a iToziveatlonal 

way, a relatively uniform crosslink ing of the resulting polymer, 
30 as is conventional in the production of a superabsorbent . The 
hydrophobic crosslinker which is insoluble or has only limited 
solubility in the polymerizable aqueous mixture concentrates in 
the surfactant interlayer between the gas phase and the 
poiymerizabl^ acjueous phase. This means that, in the aubseoaent 
35 polymerization, the surface of the foam is more extensively 

crosslixiked than is the interior of the ^perabsorbent hydrogel. 
This results in a core/^hell structure of the foam directly in 
the production of the superabsorbent foam. Such extensive surface 
crossliziking of a superabsorbent foam is possible in the prior 
40 art production processes only by subsequent surface crosslinking 
of an expanded superabsorbent which has already been formed. In 
the conventional procedure, a separate process step is necessary 
for this subsequent crosslinking, but this can be omitted in the 
process of the present invention or additionally be carried out. 

45 
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The group (a> mpnaniers are present in the. polvmerizable aqiieous 
mixture in amounts of, for exainple* from 10 to 90%, and 
preferably 20 to 85% by weiglit, The group (b) monomers are used 
only where appropriate £or modifying the superabsorbent foams and 

5 can be present in amounts of up to S0%, preferably in amounts of 
up to 20% by weight in the pplymerizable aqueous mixture. The 
crossllnkers (c) are present in the reaction mixture in amounts 
cf, for example, from 0.001 to 12%, and preferably from O-Oi to 

* 8% by weight. 
10 

The polyznerlzatlon initiators which can be used are all 
initiators \ribdc;h form free radicals under the polymerization 
conditions and which are nornally used in the pr^aratlon of 
superabsorbents . It is also possible to initiate the 
15 polymerization by the action of electron beams on the 
gi polymerizable aqueous mixture. However/ the polyiaeriaatlon can 
O also be started in tiie absence of initiators of the 

W abovementioned type by the action of higb-energy radiation in the 

presence of phoboinitiators . 



m 
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The polymer! zable aqueous mixtures contain as component (e) from 
J 0.1 to 20% by -weight of at least one surfactant. The surfactants 

a are of crucial importance for the production and stabilization of 

3 the foatft. Jtoionic, cationic or nonionic surfactants or mixtures 

^ 2S of surfactants which are compatible with one another can be used. 
§ It is possible to employ low molecular weight or else polymeric 

g surfactants, and combinations of different or else similar types 

ill of surfactants have proved to be advantageous. Examples of 

nonionic surfactants are adducts of alkylene oxides, in 
30 particular ethylene oxide, propylene oxide and/ or butylene oxide, 
and alcohols, amines, phenols, naphthols or carboxylio acids. 
Surfactants advantageously used are adducts of ethylene oxide 
and/or propylene oxide and alcohols containing at least lO carbon 
atoms, where the adducts contain from 3 to 200 mol of etnyiene 
35 oxide and/or propylene oxide per mole of alcohol- The adducts 
contain the alkylene oxide units in the form of blocks or in 
random distribution* Examples of nonionic surfactants are the 
adducts of 7 mol of ethylene oxide and 1 mol of tallow fatty 
alcohol, products of the reaction of 9 mol of ethyl«ie oxide with 
40 1 mol of tallow fatty alcohol and adducts of SO mol of ethylene 
oxide and 1 mol of tallow fatty alcohol. Other commercial 
nonionic surfactants consist of products of the reaction of oxo 
alcohols or ziegler alcohols with 5 to 12 mol of ethylene oxide 
per mole of alcohol, in particular with 7 mol of ethylene oxide. 
45 other commercial nonionic siirf actants are obtained by 

ethoxylation of castor oil. For exart^le, from 12 to 80 mol of 
ethylene oxide are added on per mole of castor oil. Furtber 
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commercial products are, for example, the products of the 
reaction of 18 mol of ethylene oxide with 1 mol of tallow fatty 
alcohol, the adducts of 10 mol of ethylene oxide and 1 mol of a 
Ci3/Ci5 oxo alcoliol, or the products of the reaction of 7 to 8 rool 
5 of ethylene oxide and 1 mol o£ a Cis/Cis oxo alcohol. Other 
suitable nonimic surfactants are phenol alkoxylates such as 
p-tert-butylphenol which has been reacted with 9 mol o£ ethylene 
oxide, or methyl ethers of pxoducts of the reaction of 1 mol of a 
Ci2-CiB-alcohol and 7.5 mol of ethylene oxide. 

XO 

The nonionic surf actewts described above can be converted* for 
example, by esterif ication with sulfuric acid into the 
corresponding sulfuric acid half esters. The sulfuric acid half 
esters are employed as anionic surfactants in the form of the 
15 alkali metal or ammonium salts* Examples of suitable anionic 
01 surfactants are alkali metal or ammoniuia salts of sulfuric acid 

0 half esters of adducts of ethylene oseide and/or propylene oxide 
and fatty alcohols, alkali metal or ammonium salts of 

r! alkylbenzeneculf onic acid or of alkylphenol ether sulfates. 
^3 20 products of said tanpe are commercially available. Examples of 
Q commexclal anionic surfactants are the sodium salt of a sulfuric 

acid half ester of a C13/C15 0x0 alcohol which has been reacted 
s with 106 mol of ethylene oxide, the triethanolamine salt of 

^ dodecylbenzenesulfonic acid, the sodium salt of alkylphenol ether 

1 25 sulfates and the soditim salt of the sulfuric acid half ester of a 
^ product of the reaction of 106 mol of ethylene oxide with 1 mol 
g of tallow fatty alcohol. Other suitable anionic surfactants are 
m sulfuric acid half esters of C13/C15 0x0 alcohols, 

paraf finsulfcanic acids such as Ci^-^alkylsulf onate, 
30 alkyl-substituted benaenesulf onic acids and alkyl-substituted 
naphthalenesulfonic acids such as dodecylbenzenesulfonic acid and 
di-n-butylnapbthalenesulfonic acid, and fatty alcohol phosphates 
such as C15/C18 fatty alcohol phosphate. The polymerizable aqueous 
mixture may contain cos^inations of a nonionic surfactant and an 
3$ anionic surfactant or combinations of nonionic surfactants or 
combinations of anionic surfactants. Cat ionic surfactants are 
also suitable. Examples thereof are the products, ctuatemized 
with dimethyl sulfate, of the reaction of 6.5 mol of ethylene 
oxide with 1 mol of oleylamine, distearyldimethyl ammonium 
40 chloride, lauryltrimethylammonium chloride, cetylpyridinixim 
bromide and the triethanolamine ester of stearic acid which is 
auatemized with dimethyl sulfate and is preferably used as 
cationic surfactant. 

45 The surfactant content o£ the polymer izabl a aqueous mixture is 
preferably 0.5 to 10% by weight, in most cases, the polymeriaable 
aqueous mixtures have a surfactant content of from 1.5 to S% by 
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l^e polymer izable aqueous mixtures may contain as component (f ) , 
where appropriate, at least one eolubilizer at up to 50% by 
5 weight, preferably from 1 to 25% by weight. By this are meant 
«ater-miscible orwic solvent*^, e.g. alcohols, glycols, poly- 
ethylene glycols and monoethers flerivea therefrom, the monoethers 
containing no double bonds in the molecule. Suitable ethers are 
oathylglycol. butylglycol, butyldigloyol . methy Idiglyfiol , 
10 butyltrlglycol. 3-athoxy-l-propanol and glycerol monomethyl 

The polyaerizable agueous mixture may also contain thickeners 
foam stabilisers, polymerization regulators, fillers and cell' 
IS nudeators, if desired- 



In order to vary the properties of the superabsotbents. for 
m example the absorption speed and the absorption capacity for 

y water, it may be advantageous to add a polymerization regulator 

20 or a mixture of several polymerization regulators to the aqueous 
Q reaction mixture. Examples of suitable polymerization regulators 

^» are formic acid, thio compounds such as 2-ioercaptoethanol , 

Q mercaptopropanol, mercaptobutanol, dodecyl mercaptan, 

thloglycolic acid or amines such as trlethylamine, morphoiine or 
O 25 piperldlne. The amounts of polymerization regulators can be up to 
^ 10% of the weight of the monomers used. If polymerization 

a regulators are used, prefercdjly from 0.1 to 5% of the weight of 
the ntonomers Is used. 

30 The constituents indicated under (g) which are to be used 
optionally, can be employed singly or in a mixture in the 
production of the polymers according to the invention. However, 
the absence of thickeners, foam stabilizers, fillers, cell 
nudeators and polymerization regulators is also possible. 

Water-absorbent crosslinked polymer foams are produced by the 
above-described polymerlzabie aqueous mixture being foamed in a 
fxrst stage and polymerized in the second stage. The 
polymerlaation is preferably effected by heating the foamed 
40 mixture with microwaves. 

The formed foam articles can be produced, for example, as sheets, 
blocks or webs up to 2 m in height or as films a few mm in 
thicskness, for example from O.S to 7 mm. The preferred foaro 
45 height (in the foam rise direction) is In the range from 10 cm to 
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100 cm for 2.45 GHz microwaves. All desired sheet or fleece 
thicJaiessea can be cut out of sudi foam bloc)?&. 

Preference is given to foam articles having an open-celled 
5 structure, particularly preferably with an ppen-eell content of 



To improvB the wet strength of the foams described above and to 
reduce their residual monomer content^ they are treated in a 

10 further step with at least one polymer which contains primary 

and/or secondary amino groups and has a molar mass Mw of at least 
300. The treatment of the foam can be carried out by having hot 
air flow through the foam and adding polymers containing primary 
and/or secondary amino groups to the air^ for example in the form 

15 of an aerosol. 

*he polymeric treatment agents are normally used in dissolved 
form by dissolving them in a solvent. They cam also be applied to 
the foams in the form of aoueous dispersions or dispersions in an 

20 organic solvent. The treatment can be effected for example by 
dipping a foam article into the liquid which contains at least 
one polymer containing primary and/or secondary amino groups in 
dissolved or in dispersed form. Alternatively the llcjuid with the 
dissolved or dispersed polymeric treatment agent can also be 

25 applied to the foam surface by spraying » The solvent is then 

removed from the thus treated foam article, for example by drying 
the foam. 

Any treatment o£ the surface of tlae foams can also be effected by 
30 applying crosslinked polymers or a crosslinked sheath, for 
example by first applying polymers containing primary and/or 
secondary amino groups to the surface of the foams, then adding a 
cross linlcer and allowing it to react with the functional groups 
of the polymers- Useful crosslinkers include all compounds 
3S bearing at least two amine-reactive groups, for example acid 
function^, epoxides^ aldehydes, ketones, esters, acrylates, 
methacrylates, aziridines, vinyl sulfones. 

Application techniques include Initially spraying and dipping. 
40 But the foam can also be saturated with the solution by means of 
rolls or film castors. Preferred application techai^es are 
spraying and saturating. 

Useful solvents include in principle all solvents in which the 
45 polymers are soluble. The preferred solvents used are water and 
mixtures of water with water-soluble solvents such as for example 
methanol, ethanol, n-propanol/ isopropanol, acetone and/or methyl 
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ethyl ketone. The solvent-water mixture is ideally chosen so that 
the superabsorbent foam swells only miniidally in this solvent 
mixture * 

5 The primary and/or secondary amino groups containing polymer can 
be applied, aftex the pol3?merization has taken place, at any 
stage of the production process of the foam, preferably prior to 
the drying step. The solvent and water can then be removed 
siimiltaneously from the reaction mixture. But it is also 

10 conceivable first to dry the foaro and to coat it in a subsequent 
step. The solvent must thereafter be removed from the foam 
article thus treated, for example by renewed drying of the foam, 
ihe coated foam is dried for example at from 40 to 1€0*'C, 
preferably at up to llC^c under atmospheric or under reduced 

lb pressure, for example from 5 to 300 mbar, preferably from 10 to 
ffl ?0 mbar. at from 60 to llCC. 



The amount of polymeric treatment agent added is determined so 
that the residual monomer content of the article formed from 
20 water absorbent crosslinked polymer foams containing units 
Q derived from monoethylenically unsaturated acids is reduced and 

HI the wet strength is enhanced. The polymeric treatment agent is 

^ preferably added in such an amount that the resulting amount of 

polymer is at least 0.5% by weight. Amounts of up to 80% by 
p 25 weight of amino-~containing polymer^ based on foam, are possible. 
^ Preference is given to using from 0*S to 40% by weight and 

p especially from 1 to 50% by weight, based on the foam, of 

Py polymeric treatment agent. 

30 Useful polymeric treatment agents include cationic synthetic 
polvmers containing primary and/or secondary amino and/or 
ammonium groups • Examples of such cationic polymers are 
uncrosslinked vinylamine polymers, crosslinked vinylamine 
polymers, polairethyleneimines, alkoxylated polyethylenelraines, 

35 crosslinked polyethyleneimlnes, amidated polyethylene imines, 

alkylated polyethyleneimines, uncross lirLked polyvinyl guanidines, 
crosslinked polyvinylguanidines, alkoxylated polyvinylamines, 
poljrallylamines and/or condensates of lysine r ornithine or 
arglnine or else polymers of natural origin, for example 

4p chitosan. 

Vinylamine polymers (i,e.r polymers cwitaining vinylamine units) 
are preparable for example from open-chain NT-vinylcarboxamides of 
the formula 

45 
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where and are Identical or different and are each, hydrogen 
or Cx" to Cfi-alkyl. Useful ponomBrs include for example 
10 K-vinylformamlde (Ri=R^=5=H in formula 1), 

N-vinyl-N-taethylfornicuaide, i3^-vinylacetamlde« 
M-vinyi-N-me thylacetamide , N-vinyl- W-ethylacetamide , 
N-vinyl-M-methylpropionamidB and N-vlnylpropionamide ♦ To prepare 
the polymers, the monomers mentioned may be polymerized alone # 
15 mixed with each other or together with other monoethylenically 
^ unsaturaned monomers. Homo- and copolymers of M-vinylformamide 
y are preferred ais starting material* vinylamine polymers are Jmown 

Ul for example from 421 602, US-A-5 334 287, EP-A-0 216 387 

UJ and BP-A-0 251 182. They are obtained by acid, base or enzymatic 

y 20 hydrolysis of polymers containing units derived from monomers of 
^ formula l- 

s 

p Useful monoethylenically unsaturated manonLers for 

ru copolymer ization with N- vinyl carboxamides xQclude all compounds 

G 25 copolymerizable therewith. Examples thereof axe vinyl esters of 
^ saturated caz±^9^lic acids of from 1 to 6 carbon atoms such as 

^ vinyl formate, vinyl acetate, vinyl propionate and vinyl butyrate 

and vinyl ethers such as Ci- to C^-alkyl vinyl ethers, e.g., 
methyl or ethyl vinyl ether. Useful comonomers further include 
30 ethylenically unsaturated C3- to Cs-carboxylic acids, for example 
acrylic acid, methacrylic acid, maleic acid, crotonic acid, 
itaconic acid and vinylacetic acid and also their alkali metal 
and alkaj.ine earth metal salts, esters, amides and nit:xiies of 
the carboxylic acids mentioned, for example methyl acrylate, 
35 methyl methacrylate, ethyl acrylate and ethyl methacrylate* 



Further useful carboaorlic esters are derived from glycols or 
polyalkylene glycols where in each case only one OH group is 
esterif led, for exsmjple hydroxyethyl acrylate, hydroxyethyl 

40 methacrylate, hydroxypropyl acrylate, hydroxybutyl aca^flate, 
hydroxypropyl methacrylate, hydxoxybutyl methacrylate and also 
monoacryiate esters of polyalkylene glycols having a molar mass 
of from 500 to 10 000. Useful comonomers further include esters 
of ethylenically unsaturated carboxylic acids with aminoalcohols , 

45 for example dimethylaminoethyl acrylate, dimethyl am inoethyl 
metliacrylate, diethylaminoetfayl acrylate, diethylaminoethyl 
methacrylate, dimethylamlnopropy^l acrylate, dimetbylamlnopropyl 
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raethacrylate, dietliylaminopropyl acrylate, dimethylaminobutyl 
acrylate atid dieUiylainiaobutyl aery late. Basic acrylates can be 
U&ed In the form of the free bases, the salts with tnJLpera.1 acids 
such as hydrochloric acid/ sulfuric acid or nitric acid, the 
5 salts with organic acids such as fonoic acid, acetic acid^ 

propionic acid or sulfonic acids or in guatemi^ed form- Useful 
. Quatemizing ag-ent^ include for eraiDple dioiethyl sulfate, diethyl 
sulfate^ methyl chlorider ethyl chloride or benzyl chloride. 

10 Useful comonomers further include amides of ethyl enicaily 

unsaturated carboxylic acids such as acrylamide, methacryiamide 
and also N-alkylmonoamides and diamides of monoethylenically 
unsaturated carboxyllc acids with alkyl radicals of from 1 to 
6 carbon atoms, for example N-methylacrylamidef 
15 N«N-*dimetihylacrylamide« N-methylmBthacrylamide, N-ethylacrylamlde 
B1 and N-propylacrylamide and tert-butylacrylamide and also basic 
S (meth) acrylamides , for example dimethyl aminoe thy lacryl amide, 

dimethylaminoe thy Imethacryl amide « diethylaminoethylacrylamide, 
diethylaminoethylmethacrylamide, dimethylamlnopropylacrylamide, 
20 diebhylaminppropylacrylamide , dimethyXaminopropylmethacrylamide 
3 and dlethylaminopropylmethacrylamide. 

n 

useful comonomers further include N-vinylp3^rolidcna, 
N-vinylcaprolac tam , acryloni trile . rae thacryloni tri le , 
^ 25 N-vinylimidazole and al^o substituted N-^vinylimidazoles, for 
^ eKaraple 3sl-vinyl-2-methylimldazolB, W-vinyl-4-methylimidazole# 

□ N-vinyl-5-methylimidazolo, N-vinyl-2-ethylimidazole and 

fy W-vinyliraidazolines such as N-vinylimidazoline, 

N-vinyl-2-methylimida20linB and N-*vinyl-2-ethylimidazoline« 
30 ^-Vinylimidazoles and N-vinylimida20lines are used not only in 
the form of the free bases but al^o after neutralization with 
mineral acids or organic acids or after quaternizatlon, a 
quatemization being preferably effected with dimethyl sulfate, 
diethyl sulfate, methyl chloride or benzyl chloride. Also useful 
35 are diallyldiallcylammonium ha 1 ides, for example 
diallyldimethylanimczaium chlorides - 

Useful comonomers further include sulfo-containing monomers, for 
example vinylsulf onlc acid, allylsulf onic acid, methallylsulfonic 
40 acid, styrenesulf onic acid, the alkali metal or ammonium salts of 
these acids or 3-sulfopropyl acrylate- since the amphoteric 
copolymers contain more cat ionic units than anionic units, they 
have a cationlc charge overall. 

45 
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The copoiymBTs contain for example 

from 99.99 to 1 molh, preferably from 99 -& to 5 aol%, o£ 
N-vlnylcarboxazDides of tihe formula t and. 

from 0.01 to 99 mol%^ preferably from 0.1 to 95 mol%, of 
other raonoetJiyieiiically unsaturated monomers copolymer Izable 
therewith 

10 in cppolymerlzed form. 

Crods linked vinyl amine polymery may be prepared by ijolymerizing 
N-vinylcarboxamidefi Buch a? N-vinylformamide, in the presence of 
at least one group of monomers which contain at least two mono- 
15 ethylenically unsaturated double bonds and siabsequent hydrolysis 
of the crosslinked polymers. Suitable crossllnkers which contain 
Q at least two monoethylenically unsatura.ted double bonds are* for 

W example, N^N'-methylenebisacrylamide, ethylene glycol dlacrylate, 

ethylene glycol dimethaerylate, propylene glycol diacrylate, 
20 butylene glycol diacryXate, allyl methacrylate# dlacrylates and 
dimethacrylates from polyethylene glycols having a molar mass MW 
Wi of from 106 to 8,500. dl vinyl ethers of polyalkylene glycols ha- 

s ving a molar mass of from 126 to 4,O0D« divinyl ethylene urea 

O and divinyl ether of butanediol- TSxe cross linkers are used, for 

as example, in an amount of from 0 to 10 % by weighty preferably 
0.01 to 5.0 and especially 0.05 to 2 % by weight, with reference 
to the monomers which are polymerized. 



The poller! zat ion of N-vinylcarboxamides with the monomers which 
30 contain at least two monoethylenically unsaturated double bonds 
can also be carried in the presence of the above-mentioned 
comoncmiers sucda as acrylic esters of monovalent alcohols , vinyl 
acetate, acrylic acid, methacryllc acid, N-vinylpyrrolldone and 
styrene. 

35 

Crosslinked vinylamlna polymers may be additionally obtained by 
reacting an uncross linked vinylamine units containing polymer 
with a crosslinklng agent which has at least two functional 
groups which react with amino gro\^>fl# for example, aldehydes such 
40 as formaldehyde, glutardialdehyde, epichlorohydrin and multifunc- 
tional epoxides* 

To prepare vinylamine polymers it is preferable to start from 
homopoiymers of N-vinylformamide or from copolymers obtainable by 
45 copolymerization of 



1$ 



N-vinylformamide with 

vinyl formate, vinyl acetate, vinyl propionate, 
a.crylonitrile, N-vinylcaprolactam, N-vinyiurea, acrylic acid, 
5 N-vinylpyrr Oil done or Ci- to Cs-aUqyl vinyl ethers 

and subsequent hydrolysis of the homo- or copolymers to form 
vinylamine units from the copoiymerized N-vinylformamide units, 
the deg^ree of hydrolysis being for example in the range from- O.l 
10 to 3.0 0 mol%. 



The hydrolysis of the above-described polymers is effected 
according to known processes by the action of acids, bases or 
enzymes. This converts the copoiymerized monomers of the 
15 above-Indicated formula 1 through detachment of the ^roup 

m — c— r2 

O 11 (ID , 

Uj 11 

m o 

y where R2 is as defined for formula I, into polymers which contain 
jH vlnylamine units of the formula 

q — CHa — CH — 

O N (III) 

s / \ 

S H Rl 

m 

where Ri is as defined for formula I. when acids are U3ed 
30 aydrolyzing agents, the units ill are present as ammonium aait. 

The homppolyraers of the N-vinylcarboxamides of the formula i and 
their uncrpsslinfced or crosslinked copolymers may be hydrolyzed 
to an extent in the range from 0.1 to 100 mol%, preferably to an 

35 extent in the range from 70 to 100 mol%* in most cases, the 

degree of hydrolysis of the homo- and copolymers is in the range 
from 5 to 95 mol%. The degree of hydrolysis of the homopolymers 
is synonymous with the vlnylamine units content of the polymers, 
in the case of copolymers containing unite derived from vinyl 

40 esters, the hydrolysis of the N-vinylformamide units can be 
accKflpanied by a hydrolysis of the ester groups with the 
formation of vinyl alcohol units. This is the case especially 
when the hydrolysis of the copolymers is carried out in the 
presence of agueous sodium hydroxide solution • Copoiymerized 

45 acrylonitriiB is likewise chemically modified in the hydrolysis, 
for example converted into amide groups or carboxyl groups. The 
homo- and copolyiaers containing vinylamine tinits may optionally 
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contain up bo 20 moi% of amidine units, formed for example Jay 
reaction of formle acid with two adjacent amino groups or by 
Intramolecular reaction of an amino group with an adjacent amide 
group, for example of copolyjnerized N-vinylf ormamide . The molar 
5 masses H, of vlnylamine polymers range for example from 500 to 
10 million, preferably from 1000 to 5 million {determined by 
light scattering) . This molar mass range corresponds for example 
to K values of from 5 to 300, preferably from 10 to 250 
(determined by the method of H. Fikentscher in 5% aqueous sodium 
10 chloride solution at 25«»C and a polymer concentration of 0 5% by 
weight) . 



The vinylamine polymers are preferably used in salt-free form. 
Salt-free a<iueoue solutions of vinylamine polymers are preparable 
15 for example from the above-described salt-containing polymer 
solutions by means of ultrafiltration using suitable mertbranBs 
g having molecular weight cutoffs at for example from 1000 to 
y 500,000 daltons, preferably from 10,000 to 300,000 daltons. The 

m hereinbelow described aqueous solutions of other polymers 
y 20 containing amino and/or ammonium groups are likewise obtainable 
2 in salt-free form by means of ultrafiltration. 
□ 

^ Polyvinyl guanidines can be synthesized from the vinylartine units 
Q containing polymers described above, i.e. from hydrolyzed 

HI 25 bomopolyraers of N-vinylcarboacamides of formula i and their 
P copolymers . 

O In general, an uncrosslinked polyvinyl guanidine is a 
water -soluble polymer, in the preparation of polyvinyl 
3D guanidines, it is desirable that hydrolysis of the 

polyvinylaraides is substantially to essentially complete, i.e., 
about 10 % to 100 % complete, and preferably about 30 % to 100 % 
complete. a?o achieve the full advantage of the present invention, 
at least about 50 %, and more preferably at least about 90 %, of 
35 the amide groups are hydrolyzed to an amine functionality. The 
amine -functional polymer can contain other copolymerizabie units, 
i.e., other monoethylenically unsaturated manomers, as long as 
the polymer is substantially, i.e., at least 10 %, and preferably 
at least 25 %, vinylamine units. To achieve the full advantage of 
40 the present invention, the polymer contains at least 50 and 
more preferably at least 75 %, vinylamine units. 

Polyvinyl guanidines are preferably prepared by reacting a 
polyvinylamlne with a cyanamide having the formula R^r^n-cn. The 
45 cgranamide reacts with the amino groups of the polyvinylamlne to 
provide a polyvinyl guanidine. The Ri and B? groups can be, for 
example, hydrogen, Ci-C4aUcyl, Cs-Cecycloalkyl. phenyl, benayl. 
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alkyl -subs titrated phenyl, naphthyl, and similar aliphatic and 
aromatic groups. The alkyl Rl and groups can ie straight or 
torwche<^. They can be substituted or wsubstituted. The 
polyvinylamine ufied in the synthesis of a polyvinyl guanidine caji 
5 be crosslinked or vncrossl inked, and can contain other monomer 
units in addition to vinylamine units. This method can be used to 
manufacture either crosslinked or uncrossllnked polyvinyl 
guanidine. 

10 The above method of manufacturing an uncrossllnked polyvinyl 
guanidine can also be used in the manufacture of a crosslinked 
polyvinyl guanidine, Crossl inking serves to render the polyvinyl 
guanidine polymers stabs tantially water insoluble. For exaj^ple, a 
lightly crosslinked polyvinyl guanidine has a crosslinking 

15 density of less than about 20 %, preferably less than about 10 %, 
and most preferably about 0.01 % to about 7 %. 

When used, a crosslinking agent most preferably is included in an 
amount of less than about 7 wt%, and typically about 0.1 wt% to 

20 about 5 wt%, based on the total weight o£ monomers, a polyvinyl 
guaixidlne can be crosslinked by two different pathways. One 
pathway utilizes olefinically unsaturated crosslinking monomers 
that copolyroerize with the W-vinylamide, and, tharafore, form a 
part of the polymeric backbone. The crosslinked 

25 poly(N-vinylamide) then is hydrolyzed to provide crosslinked 

poly (vinyl- amine) , which in turn is converted into a crosslinked 
polyvinyl guanidine. 

Polyvinyl guanidine also can be crosslinked in solution by 

30 suspending or dissolving uncrossllnked polyvinyl guanidine in an 
aqueous medium, th^ adding a di- or polyfunctlonal compoaind 
capable of crosslinking the polyvinyl guanidine by reaction with 
the guanidlno groups of the polymer. oSie polyvinyl guanidine can 
be in a free base form or can be in a salt form. Such 

35 crosslinking agents Include, for example, monQfunctional 

aldehydes (e.g., formaldehyde and acetaldehyde) , multifunctional 
aldehydes (e.g.. glutaraidehyde) , multifunctional acrylates 
(e.g., butanediol diacrylate, trimethylol propane triacrylate) , 
halohydrins (e.g., epichlorohydrin) , dihalides (e.g., 

40 dibromopropane) , disulfonate esters {e.g., RS (02)0- (CH2>n-OS (0)2Rr 
wherein n is one to 10, and R is methyl or tosyl) , 
multifunctional epoxides (e.g., ethylene glycol diglycidyl 
ether), melamine resins (e.g., Cmsii 301, CYMEL 303, CTMEL 370, 
and cimeIj 373 from Cytec industries, Wayne, nj) , hydroxyraethyl 

45 ureas (e.g., N, W'dihydroxyme thy 1-4,5 -dihydroxye thy leneurea) - 




In general/ the croBsLiuking agent should be soluble in water or 
alcoliol and possess sufficient reactivity with a polirvinyl 
gusuaidlne «uch that crosslinking occurs in a controlled fashion, 
preferably at a tejoperature of about 25*=^ to about 150«C. 
5 Preferred cros« linking agents are ethylene glycol diglycidyl 
ether (EGDGE) 1 a water-soluble diglycidyl ether and 
dihaloalkanes, especially dibromoalkanes • 



Uncross linked polyvinyl guanidines which are prepared from 
10 hydro ly zed homppolymers o£ N- vinyl formamida are preferably used 
for the reduction ot the residual monomer content and the 
simultaneous increase o£ the vet strength of the polymer foams. 



Folyethyleneioiines are prepared Cor example by polymerizing 
15 ethyleneimine in an aqueous solution in the presence of 
^ acid-detaching compounds, acids or Lewis acids as catalyst. 
O Polyethyleneimines have for example molar masses of up to 
bJ 2 million^ preferably o£ from 200 to 1^000^ 000« Particular 

^ preference Is given to using polyethyleneimines having molar 
20 masses o£ from 500 to 800^000. Useful polyethyleneimines 
further include water-soluble crosslinked polyethyleneimines 
which are c^tainable by reaction of polyethyleneimines with 
crosslinkers such as epichlorohydrin or bischlorohydrin ethers of 
Q polyalkylene glycols containing from 2 to 100 ethylene oxide 
^ 25 and/or propylene oxide units and still have free primary and/or 

secondary amino groups. Also useful are amidic polyethyleneimines 



ru 
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which are obtainable for example by amidation of 



^ polyethyleneimines with Ci- to Caa-monocarboxylic acids. Useful 

cationic polymers further include alkylated polyethyleneimines 
30 and alkoxylated polyethyleneimines. &lkoxylation is carried out 
using for example from 1 to 5 ethylene oxide or propylene oxide 
units per NH unit in the polyethylenelmine. 

Useful polymers having primary and/ or secondary amino and/or 
35 ammonium groups also include polyallylamines . Polymers o£ this 
kind are obtained by homopolymerisation of allylaminer preferably 
in acid-neutralized form, or by copolymerlzing ailylamine with 
other monoethylenically unsaturated monomers described above as 
comonomers for N-vinylcarboxamides » 

40 

The cationic polymers have for example K values of from B to 300, 
preferably from 15 to 180 (determined by the method of 
H. Fikentscher in 5% aotueons sodium chloride solution at 25% and 
a polymer concentration of 0,5% by weight) . At pH 4*5, for 
45 example* thsy have a charge density of at least 1« preferably at 
least 4, meq/g of polyelectrolyte. 
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Preferred cationie polymers are poiyethyleneiiaine, polyaers 
containing vinylamine units, polyvinyl guanidinea, polymers 
cantaininfl lysine units or mixtures tHereof. Exeunples of 
preferred cafclonic polymers are: 

polylyaines of M„ 250-250. OOP. preferably 500-100,000. and also 
lysine candeasates having molar masses Mw of from 250 to 250 000. 
the cocondensable component bsiag- selected for example from 
amines, polyamines, ketene dimers, lactams, alcohols, klkoxylated 
amines, alkoxylated alcohols and/or nonproteinogenic amino acids. 



vinylamine homopolyaaers. 1-99% hydrolyzed polyvinyif ormamides, 
copoljrmers of vinyl formamide and vinyl acetate, vinyl alcohol, 
vinylpyxrolidone or acrylanide, each having molar masses M» of 
15 3000 - 2,000,000, and 



polyethyleneimines, crosslinked polyethyleneimines or amidated 
polyethyleneimines having molar masses of from 500 to 
3 000 000« 
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g The process of the invention provides for a dramatic reduction in 

" tha residual moncMRer content in the foam in torois of, for 

example, iiionoethylenically unsaturated acids such aa acrylic acid 

_ and at the same time a sufostantial enhancement of the wet 

g 25 strength of foam articles formed from such water-absorbent 

g crosslinked j>Qlyaer foams. 



O The invention therefore also provides articles formed from 
W vratex-absorbent crosslinked polymer foams containing units 
30 derived from monoethylenicaliy unsaturated acids that are 
QbtalnabXe by the processes described above. 

The hygiene articles are preferably infant diapers, incontinence 
products, femcare articles, wound contact materials or secondary 
35 wound dressings. 

Characterization of water-absorbent foams: 

The density of superabsorbent foams was determined 
40 gravimetrically. SQuares having an edge length of 5 cm are cut, 
for example with a sharp knife, out of a uniform foam layer 
having a defined thickness in the range from 3 to 5 m». These 
square samples are weighed, and the weight obtained is divided by 
the volume calculated from the dimensions. 
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Determination of absorption capacity: 
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The absorption capacity of the superabsorbent foam in terms of 
wat«r per gram of superabsorbenfc is determined on pieceB of the 
£oaiD, which are 3 mm in tiiictaess and each weigh 1 g. The 
absorption capacity is tested by the teabag test, •the li<iuid used 
5 is a 0.9% sodium chloride solution. 1 ef of the foam material is 
introduced into a teabag, which is then sealed, aere it is 
important to ensure that the teabag offers sufficient room for 
complete swelling. The teabag is then immersed in the ii<iuld for 
a certain period, for example 30 min, and reweighed after a 
10 dripping period o£, for example, 10 minutes. The blank is 

determined by immersing a teabag without superabsorbent foam in 
the solution and determining the weight of the teabag under the 
conditions described above. The absorption capacity is then 
calculated from the following equation Cl) ; 

15 

absorption capacity 
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m wliere 

ly 20 <ipa is the weight of the teabag with the swollen superabsorbent 

^ foam 

g ' is the weight of the teabag in the blank test 

Q is the weight of the superabsorbent JEoam sample 

m 

D 2S Determination of absorption rate; 
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The free absorption rate (hereinafter referred to as FAR) is 
found by cutting out^ using a sharp knife, rectangular samples 
weighing 1 g from foam layers having a uniform thickness of 3 mm • 
30 These samples are placed in a Petri dish and 20 g of 0.9% sodium 
chloride solution are poured over, A stopwatch is used to 
determine the time required by the foam sample to completely 
absorb the 0.9% sodium chloride solution. The absorption rate FAR 
in g/g-sec is calculated from the following e<juation (2) : 

35 

PAR = 20 g/[l g • measured time in seel (2) 
Evaluation of wet strength: 

40 A foam sample 1 g in weight and 3 mm in layer thickness in a 

Petri dish has 20 ml of 0.9% sodium chloride solution applied to 
it and is allowed to swell for 30 min. The stability with regard 
to bending and compressing stress is then evaluated on a 4-step 
scale (the higher the numerical value r the better) . Each 

45 evaluation is based on a new, swollen foam sample. 



iuusir Afc^ezkgesellschaf t 



CMRpresslve stress; 



20010910 



O.2. 0050/53228 US 



22 



01 

a 

y 
m 
w 
m 
m 
m 

O 

m 
□ 

o 
ru 



The foam in the Petri clisn is conpressed with the thunib as far as 
possible and allowed to reccwex again. The mirtber of times the 
5 operatiaa can be repeated until the foata disintegrates is noted. 



10 



15 



20 



25 



30 



iSnmber o£ cables 


Rating 


<2 


1 


2-4, 


2 


5-8 


3 


>8 


4 



Bending stress: 

The foam sample ±s removed froon the dish and folded intQ a 180* 
angle « 



1 
2 
3 



means; 
means: 
means: 

means: 



Foam breaks on removal from the Petri dish 
Poam breaks at a bending angle of less than 90* 
Foam breaks at a bending angle in the range from 
90 to 180** 

Poam rem^ains intact even when bent to 180** 



Bfeasureinent of tensile strength: 

The tensile strength is measured as per the drawing on foam 
samples (3) completely swollen in 0.9% sodium chloride solution 
(4) . For this, the sample holder (1) of a conventional tensile 
tester was modified with a Plexiglas container (2) as per the 
accompanying drawing • The foam saraple (3> is secured in holding 
clamps [5). The drawbar (6) is used to apply mechanical stress to 
the foam sample. 



3S 



The measurement is then carried out as follows: 



First a dutabhell specimen conforming to DIN S344$/A is stamped 
out of a foam layer 3 mm in thickness and placed in the holder of 

40 ^® tensile tester. The Plexiglas vessel is then filled with 0.9% 
sodium chloride solution and the foam is allowed to swell for 10 
minutes. The increased length due to the swelling is compensated, 
so that the swollen specimen is again in a completely stretched 
state. A stress-strain diagram is then recorded at an extension 

45 ^^te of S mm/rain and used to determine the breaking extension and 
tensile strength in the usual way. Each foam sample is subjected 
to 8 measurements. 
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Equipment: useds 



The acrylic acid cancsntration is determined by E£>LC against an 
external standard. fChe colutnns used are a shimazu lEG precolwnn 



Type z OSO or UPM 1465 tensile tesfcar from Zwick combined with a 
1 IcN force transducer of type KAP-S from A.S-T <Mc>R or with a 
5 50 K foxce transducer of type TJl from Hottinsrer Baldwin 
Messtedmilc* 

Determination of residual acrylic acid content t 

10 The foam to be analyzed is dried at BS^'C under reduced preBsure 
overnight and grotmd. 250 mg of this sample are \jeighed into a 50 
ml volumetric flask, admixed with 40 ml o£ 0.9% sodium chloride 
solution and stirred for 30 min, After addition of 250 |il of cone, 
phosphoric acid^ the volumetric flask is made up to 50 ml with 

15 0,9% sodium chloride solution and stirred for a further 30 min. 
This is followed by filtering through a 0.45 [Jm membrane filter. 

P 

y 

HI 

y 

fsj 20 and a Shimpack IS 300x8 P/N 480-07 for separation. The mobile 
P phase used is a soluti«i of 7.5 ml of 85% orthophosphorlc acid in 
tn S 1 of bidistilled water, D6tecti<xi is by a uv detector at a 
L, wavelength of 210 nm. 

S ! 

ft 25 Unless the conte^ct suggests otherwise, percentages are always by 
? weight. The K values of the polymers were determined by the 
□ method of H. Flkentscher, Cellulose-Cheraie^ volume 13, 58 to 64 
fU and 71-74 (1932) in 0.5% aqueous sodium chloride solution at 25"C 
and a polymer concentration of 1% by weight. 

30 

Examples 

Comparative Example 1 (repeat of Example 10 of V«>-A--99/44648) 

' 35 The following components were mixed in a Jar dosed with a screw 
cap using a magnetic stirrer: 

127.93 g of acrylic acid (1.77 moD 

93-43 g of a 37.3% sodiiUD acrylate solution in water 

40 (0.37 molt 

12.60 g of guar bean flour 

S*39 g of polyethylene glycol diacrylate of a polyethylene 

glycol of molar mass 400 
5B.7B g of a 15% aqueous solution of an addition product of 

45 80 mol of ethylene oxide and 1 mol of a linear 

saturated CieCxa fatty alcohol 
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63.02 g of water 

T?he homogeneous mixture obtained was introducod into a sealed 2 1 
flask if7hich was equipped with a cooling Jacfcet and a dropping 
5 fiinnel and into which carbon dioxide was passed from below. Two 
BOKO egg whisks connected via gears to an IKA RW38W stirrer had 
been Inserted into the flask. The carbon dioxide stream was 
adjusted so that it bubbled at a rate of 100 1/h through the 
reaction mixture. The stirrer motor was initially adjusted to a 
10 speed of 200 rpm, and carbon dioxide was passed through the 

mixture for 20 min to remove dissolved 03^gen. During this time, 
152 .42 g of triethanolamine (1.02 molj were added dropwisa with 
cooling at Such a rate that a final tonperatare of 16*C was 
attained* 

15 

Si Subsequently r 4.63 g of pentane and 20.99 g of a 3% solution of 

Q 2,2'-azobis(2-amidinopropane} dihydrochloride in water were 

m added, and the stirrer speed was increased to 735 rpm. The 

yj mixture was beaten ah this speed for 3.5 min. At the end of the 

fU 20 beating period, a finely cellular, free-flowing foam was 

O obtained. 

Ul 

p The monomer foam cibtained was placed in a DlN^-AS-sized glass 
1^1 plate having edges 3 mm in height and covered with a second glass 
p 25 plate. The foam sample was irradiated synchronously from both 
^ sides with two VIS OV lamps (UV 1000 from H6hnle) for 4 minutes • 

S 

fU The foaoi layer obtained was dusted on both sides with about 0,3 g 
of talc and completely dried in a vacuum drying cabinet at TO^'C. 
30 To determine the properties, part of the foam was subsequently 
adjusted to a moisture content of 10% by spraying with water • 

Residual acrylic acid content: 2,900 ppm 

Polymer foam density^ 0.23 g/cafl 

35 absorption capacity: 55.9 g/g 

FAR: 3.25 g/g sec 

Comparative Exan^le 2 (repeat of Example 2 of wa-A-00/52087) 

40 The following components were mixed in a beaker using a magnetic 
stirrer: 

303.24 g of acrylic acid (4.21 mol> 

117.90 g of a 37.3% sodium acrylate solution in water 
45 (0.47 mol) 

24.36 g of polyethylene glycol diacrylate of polyethylene 

glycol of molar mass 500 
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5.S7 g o£ an addition product of 80 mol o£ ethylene oxide 

and 1 moL of a linear saturated CigCis-fatty alcohol 
0.15 g of water 

5 TO tiiis solution were added, while cooling in ice, 348.79 g {2.69 
mol) of trietbanolamine in such a way that the internal 
temperature did not exceed 1S"C- The solution obtained was 
transferred into a pressure vessel and saturated therein with 
carbon dioxide under a pressure of 12 bar for 25 min. Under 
10 pressure, 13.92 g of a 3% aqueous solution of 

2,5'-azc4>is(2-amidinopropane)dihydrochloride were added and mixed 
in using a fast stream of carbon dioxide until homogeneous. 
Carbon dioxide was then passed through the reaction mixture for a 
further 5 min. The saturated reaction mixture was forced under a 
IS pressure of 12 bar through a no»«le having a diameter of 1 mm to 
01 form, a finely cellular free-flowing foam. 
O 

g The monomer foam obtained was placed in a DrN-A3-siBed glass 
lH plate having edges 3 mm In height and covered with a second glass 
^ 20 plate. The foam sample was irradiated Si^achronously from both 
g Sides With two VIS UV lamps CtJV 1000 from Hohnle) for 4 minutes. 

in 

The foam layer obtained was dusted on. both sides with about 0*3 g 
of talc and completely dried in a vacuum drying cabinet at 70'*C. 
25 To determine the properties, part of the foam was subsequently - 
J adjusted to a moisture content of 10% by spraying with water. 

S 

nj Residual acrylic acid contents 4,500 ppm 

Polymer foam density; 0.17 g/cm^ 

30 Msorptlon capacity: 57. 9 g/g 

FAR! 6.67 g/g sec 

Example 1 

35 The following components were mixed In a beaker using a magnetic 
stirrers 

209 .13 g of acrylic acid (2,90 mol) 

81.31 g of a 37.3% sodium acrylate solution in water 

^0 (0.32 mol> 

9.60 g of polyethylene glycol diacrylate of polyethylene 

glycol of molar mass 400 
25.60 g of a 15% aqueous solution of an addition product of 

80 mol of ethylene oxide and 1 mol of a linear 
*5 saturated CisCie-f atty alcohol 

26.62 g of water 



P 

m 
s 



MoiT Mi.i.eu(j«cit3xxac3i3azc 20010!^10 0,2. 0050/53228 TJS 



26 

To this solution were added, while cooaing in ice, 240.54 g 
(1.51 rool) o£ trieth^ol amine in such a way that th^ internal 
temperature did not exceed 16*C. The solution obtained was 
transferred ioito a pressure ^ssel and saturated therein with 
5 carbon dioxide under a pressure of 12 bar for 25 min. Under 
pressure « 16.00 g of a 3% agueous solution of 

2,2'-:az<>bi3(2-ainidlnopropane>dihydrochloride were added and mixed 
in u^ing a fast stream of carbon dioxide until liomogeneous . 
Carbon dioxide ts?as than passed through the reaction mixture for a 
10 further 5 min. aake saturated reactlcvi mixture was forced under a 
pressure of 12 bar thrcrogh a nozzle having a diameter o£ 1 mm to 
frtrm a firftiy cellular free-flowina foam. 

The monomer foam obtained was placed in a DIN-AS-sized glass 
15 plate having edges 3 mm in height and covered with a second glass 
^ plate. The foam sample was irradiated synchronously from both 

Q Sides with two vis UV lamps (DV 1000 from Hohnle) for 4 minutes. 

bi 

m The foam layer obtained was dusted on both sides with about 0.3 g 

UJ 20 of talc and completely dried in a vacuum drying cabinet at IS'^C. 

lU 

The foam obtained was uniformly impregnated with a 3% solution of 
polyethyleneimine (molecular weight Mw 750,000) in gi 1:2 w/w 
p water/ isopTOpanol mixture so that the applied amount of 
RJ 25 polyethyleneimine amounted to 5%. The foam was redried in a 
P vacuum drying cabinet at 75"C and then adjusted to a moisture 

g content of 10% by spraying with water. 

Residual acrylic acid cc»tent: 200 ppm 

30 Polymer foam density? 0.22 g/cm^ 

Jkbsorption capacityr 48.3 g/g 

FAH; 5.0 g/g sec 
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Example 2 

The following components were mixed in a beaker using a magnetic 
stirrer; 



209.13 g of acrylic acid (2.90 mol) 
40 81,31 g of a 37.3% sodium acrylate solution in water 

(0*32 mol) 

4.80 g of polyethylene glycol diacrylate of polyethylene 

glycol of molar mass 400 
25.60 g of a 15% aqueous solution of an additicm product of 

45 SO mol of ethylene oxide and 1 mol of a linear 

saturated CigCxa-f atty alcohol 
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26.62 g of watier 

To this solution were added* while cooling in ioe* 340.54 g 
(1.61 aiol) of triethazaol amine in such a way that the internal 
5 tenrperature did not exceed 16**C. The solution obtained was 
transferred int;o a pressure vessel and saturated therein with 
carbon dioxide under a pressure of 12 bar for 25 min. Under 
pressure^ 16 • 00 g of a 3% aqueous solution o£ 

2,2'-azobls{2-amidinopropans) dihydrochloride were added and mixed 
ID in using a fast stream of carbon dioxide until homogeneous* 

Carbon dioxide was then passed through the reaction mixture for a 
further 5 min. Kie saturated zreaction mixture was forced under a 
pressure of 13 bar through a nozzle having a diameter of 1 mm to 
form a finely cellular free-flowing foam. 

15 

0% The monomer foam obtained, was placed in a DXN-A3-sized glasd 

Q plate having edges 3 mm in height and covered with.^ s»ciond glass 

U plate. The foam sample was irradiated synchronously from both 

sides with two VZS UV lamps (nv IDOO from Kfflmle) for 4 minutes. 
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The foom layec cabtained wcm ductoa on both sid«»s wlhh. about O.'i 9 



m of talc and completely dried in a vacuum drying cabinet at 75*'C. 



Q The foam obtained was uniformly impregnated with a 3% solution of 

O water/ isopropanol mixture so that the applied amount of 

polyethyleneimine amounted to 10%. The foam was redried in a 
vacuum drying cabinet at TS^'C and then adjusted to a moisture 
content of 10% by spraying with water* 
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Residual acrylic acid content: 80 ppm 

Polymer foam density: 0-26 g/cm^ 

jftbsorption capacity; 45.3 g/g 

FAR: 5*0 g/g sec 

Example 3 



The following components were mixed in a beaker using a magnetic 
stirrer: 

40 

209.13 g of acrylic acid (2.90 mol} 

81.31 g of a 37.3% sodium acrylate solution in water 

(0.32 mol) 

9.00 g uJC iAjlyeLliylwx9 ^X^eoX ai.acxyla'bo of poXyotlivlono 

45 glycol Of molar mass 400 



90 ao<rio od dsua 
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2!9.t7U g of a i5H aqueouiST buXLLLxtfti of ^ daoitluu ijxuauut or 

80 mol of ethylene oxide and 1 mol of a linear 
saburated Ci^Cia-fatty alcohol 

26.62 g of water 

5 

TO this solution were ad<3ed, while cooling in ice* 240*^4 g 
<1.61 mol) o£ triethanolamine in such a way that the internal 
tentperature did not exceed 16*C. The solution obtained was 
transferred into a pressure vessel and saturated therein with 
10 caxibon dioxide under a pressure of 12 bar for 25 min- Under 
pressure, 16.00 g o£ a 3% aqueous solution of 

2,2'-azobis(2-amidinopropaAe)dihydrochloride were added and mixed 
in using a fast stream of carbon dioxide until homogeneous - 
Carbon dloxldfe was theii "Efasafetr tmrougn *xhe reaction mixture foj^ u 
15 further 5 min. !rhe saturated reaction mixture was forced under a 
pressure of 12 bar through a nozzle having a diameter o£ 1 znm to 

fft form a finely cellular free-flowing foam, 

S 

ill 



The monomer foam obtained wsts placed in a DXN-A3^sized glass 
^j 20 plate having edges 3 mm in height and covered with a second glass 
fy plate. The foam satiiple was irradiated synchronously from both 
□ sides with two vis uv lamps (UV 1000 from Hdhnle) for 4 minutes. 



^he foam layer obtained was dusted on both sides with about 0»3 g 
^ 25 of talc and completely dried in a vacuum drying cabinet at TB'^C. 

b 

^ The foam obtained was uniformly sprayed with a 2% solution of 
p polyvinyl amine (K value 90) in a 7s3 w/w water/ethanol mixture so 
fU that the applied amount of polyvinylamine amounted to 44i. The 
30 foam was redried in a vacuum drying cabinet at 7S^C and then 
adjusted to a moisture content of 10% by spraying with water. 

Kesidual acrylic acid content: 300 ppm 

Polymer foam density: 0.21 g/cm^ 

35 Absorption capacity: 47.3 g/g 

EA£t: 4.8 g/g sec 

Example 4 

.40»a2he JioJ.low.ing nomponents were mixed in a beaKer using a magnetic 
stirrers 

209.13 g o£ acrylic acid (2.90 mol) 

81.31 g of a 37,3% sodium acrylate solution in water 

45 (0.32 mol) 

4.80 g of polyethylene glycol diacrylate of polyethylene 

glycol of molar mass 400 



I 
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25.60 g of a 15% aqueous solution o£ an addition product of 

80 ixiol of ethylene oxide And 1 mol of a linear 
saturated CieCi^-fatty alcoboi 

2€,62 <t of water 

5 

Oto this solution were added, while cooling in ice, 240. S4 g 
(1,61 mol) of triebhanolamine in euch a way that the internal 
temperature did not Exceed 16'C. The solution obtained was 
transferred into a pressure vessel and saturated therein with 
10 cajdbon dicstide under a pressure of 12 bar for 25 min* Under 
pressure, 16.00 g of a 3% aqueous solution of 

2,2''-azobis(2-amidlnoprqpane)dihydrochloride were added and mixed 

In using a fast stream of carbon dioxide until homogeneous. 

Carbon dioxide was then passed through the reaction mixture for a 
15 further 5 min. The saturated reaction oklxtuxe was forTCd under a 

pressure of 12 bar through a nozzle having a diameter of 1 mm to 
Q form a finely cellular free-flowing foam. 
hi 

m The mon<:wer foam obtained was placed in a DXN-*Jk3-5ized glass 

y 20 plate having edges 3 mm in height and covered with a second glass 

plate- The foam sample was irradiated synchronously from both 
^ sides with two vis uv lamps (DV 1000 from Hohnle) for 4 minutes. 

p The foam layer obtained was dusted on both sides with about 0*3 g 
m 25 of talc and completely dried in a vacuum drying cabinet at 75^C, 

O 

The foam obtained was uniformly sprayed with a 2^ solution of 
polyvinylamane (K value 90) in a 7; 3 w/w water /ethanol mixture so 
that the applied amount of polyvinyl amine amoimted to The 
30 foam was redrled in a vacuum drying cabinet at 75 and then 
adjusted to a moisture content of 10% by spraying with water. 

Residual acrylic acid content: 100 ppxn 

Polymer foam density: 0.26 g/cm^ 

35 Absorption capacity: 45.8 g/g 

FAR: 4.6 g/g sec 

The compressing and bending strength as well as the residual 
acrylic acid content of the foamed articles obtained in the 
40 Comparative and inventive Examples are given in Table l« 
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Example 


Polysiniine 


Add-on 


Compres- 
sive 
strength 


Benddng- 
Strength 


Residual 
acrylic 
acid 






[%J 


trating^] 


[rating] 


[ppitij 


comp. 1 






2 


1 


2900 


"^omp . 2 






1 


1 


,4500 


Imr. 1 




5 


3 


3 


200 


inv. 2 


PEI a> 


10 


4 


3 


80 


inv. 3 


PVAm ^' 


4 


3 


3 


300 


inv- 4 


PVAm 


8 


4 


3 


100 
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B> nsi : Foly&bhyLeaeimlxie 
>»> PVAm? Polyviaylamlne 

7able 2 



Example 


Tensile strength [kPal 


Strain at break C%] 


comp . 1 


no measurable strength 


not measiirable 


COEOp* 2 


no measurable strength 


not measurable 
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20 
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2S The data of Tables l and 2 reveal that coating with 

polyethylenaimine or polyvinyl amine effects a significant 
improvement in wet strength with regard to all three relevant 
stress modes and also brings about a substantial reduction in the 
residual acrylic acid content. 

30 
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We claim:- 

1- A procBSs for the reduction o£ the residual monomer content 
5 and enhancemratt of the wet strength of articles formed from 
water abBOrbent crosslinked polymer foams containing units 
derived from raonoetliylenically unsaturated acids, which, 
comprises tr&ating the formed articles with at least Q-5% by 
meight of a polymer containing primary and/or secondary amino 
10 groups and baviixg a molar mass o£ at least aOO. 

2* A process as claimed in claim 1. wherein the polymer 

contaisiing primary and/or secondary amino groups is used in 
an ©morunt from 0.5 to 80%, preferably from 1 to 20%/ by 
15 weight* 

3. A process as claimed in claim 1 or 2^ wherein the polymer 

containing primary and/or secondary amino groups is a polymer 
1^ containing primary and/or secondary amino and/or ammonium 

y 20 groups and having a molar mass from 500 to 5 million, 

p 4. A process as claimed in any of claims 1 to 3, wherein the 

Ln molar mass of the polymer bearing amino groups is from 1000 

5 to 100/000. 

fii 

^ 5. A process as claimed in any of claims 1 to 4, wherein the 

5 polymer bearing amino groups is polymers containing 

p vinylamine units, polyethyleneimines, polyvinyl guanidine, 

fU lysine condensates and/or polyallylamines . 

30 

6. A process as claimed in any of claims 1 to 5, wherein the 
formed foam articles consist of water-absorbent crosslinked 
polymers of acrylic acid. 

35 7. Articles formed from water- absorbent crosslinked polymer 
foams containing Tjnits derived from monoethylenically 
unsaturated acids, obtainable by the process of claims i to 

40 B. !Ehe use of the foams obtained according to the process of 

claim 1 in hygiene article^, wherein the hygiene articles are 
infant diapers, incontinence products, fezncare articles* 
wound contact materials or secondary wound dressings. 
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A process for the^ reduction of the -residual monomer con teat -and 
enhancement of the wet strength of articles formed frotn 
water-absorbent crodfilinked polymer foams and use thereof 

5 

Abstract 

A proc2e Bs for the reduction of the residual monomer content and 
enhancement of the wet strength of articles formed from water 
10 abscrlbent crossl inked polymer foams containing units derived from 
monoethylCTilcaliy unsaturated acids ^ which comprised treating the 
formed articles with at least 0*5% by weight of a polymer 
containing primary and/or secondary amino groups and having a 
molar mass of at least 300^ the formed foam articles thus 
15 obtainable and use of the wet strength enhanced formed foam 
articles in hygiene articles. 
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